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Pathology of the lung: Respiratory failure, Obstructive and Restrictive Diseases
Introduction
-

Respiratory failure is not a specific disease, but rather a process arising from failure in
one of the components of respiration: alveoli, airways, respiratory muscles, peripheral
nervous system, chest wall and central nervous system (CNS). Respiratory failure can
also be secondary to hypoperfusion from cardiac failure and shock. The discussion here
will be limited to intrapulmonary diseases.

Classification:
-

1

Hypoxemic respiratory failure (Type 1)
o Characterized by PaO2 < 60mmHg or SaO2 < 92%, with a normal PaCO2.
o Hypoxia is a deficiency of 02, and is different from ischemia, which is insufficient
blood supply. Ischemia is more harmful as there is also a decrease in nutrients
and decreased clearance of toxic metabolites.
o Seen in all acute lung diseases, especially fluid in the alveolar spaces (i.e. edema)
and alveolar collapse (i.e. atelectasis). These are associated with a V/Q
mismatch.
o In chronic disease, it is associated with interstitial pathology. As CO2 has a
diffusion rate 20 times that of O2, patients die of hypoxia in end stage disease
before CO2 build up can occur.
o Note that PaO2 < 60mmHg or SaO2 < 92% are chosen as the definition of failure
as lower levels fall on the steep side of the oxygen binding curve and indicate
tissue hypoxia with imminent threat to organ function. These levels are referred
to as “ICU points” because patients will be sent to the ICU for intubation for
ventilatory support and supplemental oxygen.
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-

-

Hypercapnic respiratory failure (Type 2)
o Characterized by a PaCO2 > 50 mmHg in addition to hypoxia.
o PaCO2 depends on alveolar minute ventilation and so hypercapnia is due to
hypoventilation, which correlates in intrapulmonary disease with dead space.
This is typically increased in obstructive diseases.
• AaDO2: used in this setting to differentiate pulmonary from
extrapulmonary causes of hypoventilation. If <10, extrapulmonary
cause; if >10 (>30 in elderly), then pulmonary cause.
Acute versus chronic respiratory failure
o Acute respiratory failure typically develops over hours. Research studies into
acute respiratory distress syndrome (ARDS) require development in less than
one week.
o When failure develops over hours, there is insufficient time for metabolic
compensation of pH by the kidneys and so blood pH is <7.3.

Lung structure
-

2

The architecture of the lung is best thought of as bronchial versus alveolar. This
correlates well with the physiology of ventilation versus gas exchange and the
pathology of obstructive versus restrictive diseases.
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Structure
Physiology
Pathology
Physical examination
PFTs1

Bronchial tree
Air conduction
Obstructive
Rhonchi, wheezing
FEV12 <80%

Alveolus
Gas exchange
Restrictive
Crackles (rales)
FVC3 <80% expected

1. Pulmonary function testing, 2. Forced expiratory volume @ 1 second,
3. Forced vital capacity

Regional anatomy of the lung
-

3

Chest X-ray
o This is a good way to think about the structures that surround the lung and the
diseases processes associated with them
o There are 4 basic pathologic patterns seen in the lung on CXR (for more, see
Lung: CPC)
 Consolidation: fluid filling the alveolar spaces
 Reticular: thickening of the alveolar septae
 Mass: cells or material (R/O neoplasm)
 Atelectasis: loss of alveolar air by absorption, compression or contraction.
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CT scan
o High resolution CT scan (HRCT) can identify structures down to a size of 1-2 mm.
It can not only identify small structures, but also can stage diseases like
emphysema and calculate lung volumes.
o There are no clear rules for the use of CT scan versus MRI. The latter has
somewhat better detail but is technically more difficult.
o The CT scan can be combined with nuclear tags to identify and localize specific
disease processes. A common example is PET/CT scan for staging malignancies.

Internal structure: Bronchial versus Alveolar

4
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Larynx
Larynx/ trachea/ main stem bronchi

- the upper airways

- stenosis leads to stridor

Bronchi
- Cartilage rings, so no stenosis from bronchospasm
- Mucus glands undergo hyperplasia with irritation
(i.e. smoking), with productive cough
- Squamous metaplasia can be precursor to carcinoma
- Site of rhonchi
Bronchioles (non-respiratory)
- no cartilage or mucus glands
- site of bronchospasm from
smooth muscle contraction
- site of wheezing

Terminal respiratory unit
- composed of respiratory bronchiole, alveolar duct
and alveolus
- no lymphatics, so clearance requires macrophages
- site of gas exchange
- site of crackles

5
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LTB3

Bronchus

Bronchiole

Histology
٠Cartilage; mucus
glands
٠Larynx: squamous
mucosa
٠Cartilage
٠Mucus glands
٠Goblet cell (no
glands)
٠Smooth muscles

TRU5
٠Club (aka Clara) cell
٠Bronchiole
٠Type 1 & 2
٠Alveolar duct pneumocytes
٠Alveolus

Air flow

CPC1
٠Laryngeal edema
٠Croup

P/E2
Stridor

Narrowest cross
section; most
airflow
restriction
٠Variable
(bronchospasm)
٠Start of
mucociliary sheet
٠Gas exchange
٠Start of
lymphatics

٠Chronic bronchitis
Rhonchi
٠Carcinoma
٠Bronchopneumonia
٠Asthma
٠RSV4

Wheezing

٠Emphysema
٠Pneumonia
٠Adenocarcinoma

Crackles

1. Clinical Pathologic Correlation, 2. Physical examination, 3. Larynx/trachea/main stem bronchus, 4.
Respiratory syncytial virus, 5.Terminal respiratory unit

Alveolar wall
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The alveolar-capillary membrane (#6 in the figure) is designed for maximum thinness to
optimize efficient gas exchange.
o The type 1 pneumonocyte is a terminally differentiated cell with minimal
thickness. It is renewed from type 1 pneumocytes
o Interstitial lung disease (ILD) thickens the interstitium between the type 1
pneumocyte and the endothelial cell. Thickening is usually edema or fibrosis. On
CXR, this gives a reticular pattern
o Increased capillary pressure results in a transudate in the alveolar space. This
occurs in left ventricular failure when the capillary pressure exceeds 20 mmHg.
On auscultation, there will be crackles and on CXR “bat wing” consolidation
around the hila.
o Injury to either the endothelial cell (e.g. sepsis) or pneumocytes (e.g. smoke
inhalation) disrupts the membrane, resulting in exudate in the alveolar space.
When the water and electrolytes are reabsorbed, the remaining high molecular
weight proteins form a hyaline membrane characteristic of diffuse alveolar
damage, the pathognomonic pathology of acute respiratory distress syndrome
(ARDS)
The Coronavirus and ARDS
Covid 12 virus attaches to angiotensin II (ATII) proteins on the cell membrane of
Type II pneumocytes. The subsequent damage to the cells and the release of
DAMPs leads to ARDS in the second week of the infection. While it is not
unexpected that the most serious infections occur in the elderly with an
underlying condition, the infection is also more severe in patients with
hypertension. It is thought that antihypertensive medications such as ACE
inhibitors lead to upregulation of ATII on the cell surface.

-

There is an intimate relationship between the endothelial cell and neutrophils as there
is no circulating pool. This makes ARDS one of the commonest pathologies in processes
that cause endothelial injury.
Endothelial injury syndromes: the “Endotheliopathies”
1. Shock (dysregulation of blood pressure)
2. DIC (dysregulation of coagulation)
3. Renal failure
4.. ARDS

7
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The type 2 pneumocyte is not only the active replicating cell of the alveolus, but it also
produces surfactant. This is seen as granules in its cytoplasm, call lamellar bodies. These
can be counted in amniotic fluid to assess lung maturity in premature babies.

Physiology and tests of lung function
Introduction
-

Diseases of the lung most commonly present with shortness of breath and/or cough.
The physical examination is mostly auscultation that characterizes the disease process
as obstructive (i.e. rhonchi or wheezing) or restrictive (i.e. crackles).
The usual diagnostic progression is then one of three basic tests:
o Pulmonary function testing (flow, volumes and exchange)
o Imaging (especially for infections and neoplasms)
o Arterial blood gases / pulse oximetry in severe disease to diagnose failure

The physical examination
-

-

Vital signs: an increase in respiratory rate is the most specific vital sign finding for lung
disease. It may be the only finding in pulmonary embolism, which requires a high degree
of suspicion.
Breath sounds:
o Vesicular: normal sounds
o Crackles (aka rales): especially in late inspiratory phase, these occur with the
opening of distal airways and alveoli which are partially occlude due to increased
interstitial pressure.
1. Crackles from fibrosis can be differentiated from edema by experienced
clinicians. The crackles of fibrosis sound like the tearing of “Velcro”
2. When crackles are due to alveolar fluid, the fluid transmits sounds better
than air, called ”transmitted” breath sounds.
• Egophony (pronounced ē gŏfʹ ŏnē): a patient saying, “ē……” will
be heard as “ahh……”.
• Whispered pectoriloquy: patient can whisper words and they can
be heard by auscultation.
o Wheezing: musical sounds heard in expiration. They are caused by
bronchoconstriction of the lower airways.
o Rhonchi: low pitched “snoring” sounds heard in in the upper airways due to
accumulation of secretions. They can be cleared by coughing.
o Stridor: high pitched, upper airway sound due to obstruction in the larynx,
trachea, or main stem bronchi segment.

Pulmonary Function Testing (PFTs)

8
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Spirometry (office testing)

1. Diagnostic:
• Air flow (Obstructive disease):
o FEV1 < 80%
o Asthma: reversibility (in acute: short-acting β agonists)
• Lung volumes (Restrictive disease):
o ↓FVC. FVC correlates to clinical status as well as other tests, such as
the 6’ walk test, DLCO and CT scan. All are good, but each has
limitations.
o Note that this does not evaluate residual volume. This may be
important to differentiate restrictive diseases that have ↓FVC/↓DLCO/
normal residual volume from emphysema, which will have
↓FVC/↓DLCO/↑residual volume
2. Progression:
• Obstructive: decrease in FEV1 can be used to monitor progression:

9
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•

-
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Restrictive: FVC is a good test for assessing disease progression. A decrease
in FVC > 10% over 6 months is predictive of high risk of death in most disease
processes.
• 2° testing:
o Measurement of lung volumes is important when there is a
↓FVC, because restrictive lung disease is defined as a
↓total lung capacity (TLC) of <5% expected. FVC alone is not
diagnostic as it can be decreased by air trapping in COPD.
o TLC can be measure by plethysmography, Helium dilution or
imaging.

Gas Exchange
3. Diffusing capacity (DLCO)
• A simple test, it must be performed in a pulmonary function testing
laboratory. The patient inhales a trace amount of CO, holds their breath for
10 seconds and then exhales. Exhaled [CO] reflects dead space plus the
uptake of the CO across the capillary-alveolar membrane.
o The amount of uptake reflects the capillary blood volume in the
alveolar wall, rather than the diffusion and surface area, as suggested in
older textbooks.
• Diagnostic:
o In restrictive diseases, can detect early, preclinical disease. ↓FVC with
normal DLCO indicates extrapulmonary disease.
o In COPD, ↓DLCO reflects the amount of anatomical emphysema
o In pulmonary embolism, there is dyspnea with a normal DLCO and
normal PFTs (i.e. FEV1 & FVC).
• Progression:
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o DLCO <50% expected equates to desaturation of blood with exercise.
DLCO <40% in COPD equates to total disability.

-
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Imaging
o The chest X-ray (CXR) can resolve to a 1-2 cm size, compared to the 1-2 mm of a
high resolution CT scan (HRCT). The CXR should be thought of as a screening test
and the HRCT as a diagnostic and staging test.
o At the pathophysiologic level, there are four basic patterns:
1. Consolidation: any pathologic process that fills the alveoli with fluids. This
can be edema (i.e. transudate or exudate), pus, blood or even tumor
cells.
2. Reticular / nodular: any process that thickens the alveolar septae,
including edema or fibrosis. In CT scans, this pattern is called “ground
glass” appearance.
3. Mass: any discrete aggregate of cells or material. Malignancy must be
excluded.
4. Atelectasis: collapse of the lung due to loss of alveolar air. This can be
absorptive, compressive or contraction in origin.
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5. P/F ratio
• In acute respiratory distress syndrome (ARDS), there is acute (i.e. days)
respiratory failure (i.e. PaO2 < 60 mmHg). The commonest cause is sepsis.
Pathologically, this is due to an exudate that results in a hyaline membrane.
This process is called diffuse alveolar damage.
• The hyaline membrane creates a diffusion barrier that can be proven by
comparing the PaO2 to the O2 in the inspired air (FiO2)
• In a normal person, the PaO2 ≈100 mmO2, and the FiO2 = .21 (i.e. 21% of
atmospheric air). This means that a normal PaO2 / FiO2 = 500. A P/F ration <
300 is characteristic of a hyaline membrane (i.e. ARDS).
Pulse oximetry
o 2 light sources are used, red, absorbed by HbO2 and infrared, absorbed by
deoxyhemoglobin. These are timed to “pulses” so that only arterial blood is
assessed.
o There are limitations to this tool:
1. COHb and metHb are read with HbO2
2. HbCO2 is not read, so there is no measure of ventilation as one gets with
PaCO2 of blood gases.
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-

3. It is insensitive to mild hypoxia, as this is on the flat part of the oxygen
binding curve
4. It does not measure O2 carrying capacity, which decreases in anemia
Arterial Blood Gases (ABGs)
o PaO2 (see Respiratory Failure, above)
1. Hypoxia is a deficiency of 02, and is different from ischemia, which is
insufficient blood supply. Ischemia is more harmful as there is also a
decrease in nutrients and decreased clearance of toxic metabolites.
o PaCO2
1. Indicates ventilatory status. ↓PaCO2 = hyperventilation; ↑PaCO2 =
hypoventilation .
2. Hypocapnia is the commonest abnormality of blood gases in a hospital
because it is a common epiphenomenon in diseases of lung, heart, CNS
and acidosis. Mild ↓PaCO2 is associated with tingling, cramps and
palpitations. Severe ↓PaCO2 has ill-defined pathologic effects.
3. Hypercapnia is most commonly due to increased alveolar dead space (i.e.
ventilation without perfusion) in lung disease (e.g. COPD, pneumonia,
interstitial lung disease). Hypercapnia depresses the CNS and raises ICP
with vasodilation. This leads to CO2 narcosis with seizures, coma and
death. Hypercapnia also leads to cardiac dysfunction with arrhythmias.

Oxygen-induced hypercapnia in COPD
Acute bronchitis in COPD can lead to respiratory failure. When oxygen is administered, there is a rise in
the PaCO2, which can lead to a dangerous hypercapnia. There are 3 basic causes:
1. V/Q mismatching: the administration of O2 decreases the vasoconstriction associated with the usual
COPD-induced hypoxia.
2. Haldane effect: the administered O2 displaces the CO2 bound to hemoglobin, increasing the free CO2.
3. Decreased ventilation: this is only of minor importance and loss of hypoxic drive is mostly transient
over 10-15 minutes.
The recommended treatment is to only give oxygen until the SaO2 ≈ 90%.

13
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o pH
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1. an in-depth discussion of pH is beyond the scope of this series. For the
STEP 1 student, only a few key concepts are required:
• PaCO2 is driven by ventilation. See: PaCO2 (above).
• Compensation of acute metabolic acidosis should result in a
decrease in PaCO2.
• The colonic mucosa is important in absorption of bicarbonate.
Diarrhea results in metabolic acidosis, the opposite of vomiting.
• The commonest cause of lactic acidosis is hypoxia from severe
cardiac or respiratory disease.
• The commonest cause of ketoacidosis is fasting. This is often seen
in children with acute viral illnesses.
• Aspirin is the commonest poisoning associated with acidosis.

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

15

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
Obstructive lung diseases
Definition:
- any disease of lung with air-flow limitation. There are two common clinical entities:
1. Chronic Obstructive Lung Disease (COPD)
• Pathology of small airways and alveoli caused by noxious particle and gases,
overwhelmingly cigarette smoking.
• Bronchiectasis is a destructive chronic inflammation of bronchi and
bronchioles from repeated episodes of inflammation. Loss of cartilage and
elastic tissue lead to their dilation There is fibrosis and loss of surrounding
lung parenchyma. It is seen in any disease with impaired clearing of mucus
and is a complication of COPD as well as cystic fibrosis.
2. Asthma
• A disease of airway hyperresponsiveness with two elements:
hyperreactiveness and hypersensitivity. It is reversible until there is
remodeling of the airways.
- Asthma- COPD overlap
o Earlier definitions distinguished between different types of COPD (i.e. chronic
bronchitis, emphysema, asthma). There is considerable overlap between these
entities, which all have in common air flow obstruction.

16
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o Patients with chronic bronchitis (i.e. productive cough) and/or emphysema (i.e.
septal loss or ↓DLCO) are not considered to have COPD unless there is air flow
obstruction (i.e. FEV1/FVC <80%).
o Patients with asthma with air flow obstruction that is completely reversible are
not considered to have COPD.
Pathology of Cigarette smoking
- There is hardly any organ in the body that is not affected by cigarette
smoking, from dental gum disease to aging of the skin of the face. There
are, however, 3 major systems that have life-threatening complications:
o Vascular system
 Capillaries: endothelial damage: there is no direct test for
this, but it does show up as organ dysfunction and
macrovascular disease (i.e. arteries and arterioles).
 Arterioles: hyaline arteriolosclerosis. This can manifest as
stenosis in the heart (CHF) and kidney (nephrosclerosis) or
rupture and hemorrhage (hemorrhagic stroke).
 Arteries: atherosclerosis. The 4 major sites are 1. coronary, 2.
carotid, 3. renal and 4. femoral-popliteal arteries.
 Aorta: atherosclerosis. This is the major risk factor for
abdominal aortic aneurysm and justifies screening for AAA in
all smokers at 60 years of age.

17

o

Carcinogenesis
 There is an increased risk of carcinoma from smoking in many
systems, but there are 5 major cancers for which smoking is the #1
risk:
• Lung
• Head & neck squamous cell carcinomas (HNSCC)
• Pancreas
• Bladder
• Esophagus

o

Lung
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There is a dose-response relationship between FEV1 and intensity of
cigarette smoking, expressed as “pack-years” (packages of cigarettes
smoked/day X number of years smoked)
There is a high variability of response to smoking between individuals.
Only 15% of FEV1 changes are explained by pack-years, although 25% of
≥2 packs/day smokers will get COPD.
Exposure to cigarette smoke in childhood, including second-hand smoke,
negatively affects lung development with ↓FEV1 in adulthood.

Pathology of COPD
-

18

Bronchus
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-

-

o Chronic irritation by the smoke causes mucus gland hyperplasia
with increased mucus production. This hyperplasia can be
measured in the bronchus, called the Reid Index. If the mucus
gland is >50% of the bronchial thickness, then there is pathologic
bronchial hyperplasia (in the image, if AB / CD >50%).
o Squamous metaplasia. Metaplasias are inherently unstable and are
considered a precursor lesion to carcinoma.
o Ciliary dyskinesia. Loss of movement of the muco-ciliary ladder
leads to pooling of the mucus, predisposing the patient to
bronchopneumonia and acute bronchitis exacerbations.
Bronchiole
o Chronic irritation leads to chronic inflammation. Over years, this
leads to fibrosis and bronchiolitis obliterans. This loss of
bronchioles is irreversible and can lead to death by respiratory
failure.
Alveolus
o Smoke acts as an inflammatory anaphylatoxin with mixed
inflammation that includes neutrophils. Their release of destructive enzymes,
especially elastase causes damage to the extracellular matrix. Inadequate repair
leads to destruction of the alveolar wall and emphysema.
o Most tissue loss occurs in the proximal region of the functional unit, the acinus,
therefore the loss is centriacinar or centrilobular.

o Loss of tissue results in loss of radial traction and collapse of small airways in
expiration with air trapping.

19
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α1-antitrypsin deficiency
- Autosomal recessive disease of a serine protease inhibitor, α1-antitrypsin, a key protector
of the alveolar wall from inflammatory proteases, especially elastase. This damage occurs
when the α1-antitrypsin level is < 15% of normal.
- Pathology is a panacinar emphysema that is seen on CT scan as an extensive bilateral lower
lobe loss of lung tissue.

- There are over 200 variants of the protein, the normal variant called PiMM (for Protease
Inhibitor)
•

•

The commonest variant is PiZZ, a misfolded protein that cannot clear the
endoplasmic reticulum. This leads to hepatocyte damage from the endoplasmic
reticulum stress response in the first decade of life and emphysema in adulthood
from lack of protection in the alveolus.
Rare variants with null genes do not make any α1-antitrypsin. The patients get lung
disease, but do not get liver disease, as there is no accumulation of the protein in the
hepatocyte to induce apoptosis.

α1-antitrypsin should be suspected any non-smoker developing emphysema or emphysema
in a smoker < 40 years old. The deficiency is the commonest cause of hepatitis in infants.
-

The only curative treatment is transplantation

Presentation of COPD
-
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Symptoms:
o Productive cough
o Shortness of breath (SOB)
 This is a late symptom that occurs when the FEV1 is <30%.
o There are 2 clinical terms to differentiate where the maximum pathology is
found:
 “Blue bloater” is seen in bronchial disease in which the mucus production
obstructs the airways, leading to V/Q mismatching. The resulting cyanosis
gives the patient a bluish hue. The “bloater” name is of uncertain origin.
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-

-

It has been ascribed to the edema from the right ventricular failure of cor
pulmonale.
 “Pink puffer” is seen in disease with alveolar loss. The loss of septae is
matched by the proportionate loss of blood supply, so there is no V/Q
mismatching and not cyanosis, hence a “pink” patient (there is
polycythemia as well). The loss of gas exchange membrane can be
compensated for with hyperventilation, hence “puffer”.
o The classical description of wasting, barrel chest and pursed lips is only seen in
late disease (i.e. FEV1 <30%.
Diagnosis:
o Chronic bronchitis is a clinical diagnosis defined as a productive cough for more
than 3 months of 2 consecutive years.
o Emphysema is defined by PFT’s:
 FEV1/FVC <80%
 DLCO <80% predicted
 CBC: polycythemia
 Blood gases /oximetry are useful to diagnose failure
 CT scans can accurately assess alveolar loss.
Natural history:
o Prognosis
 This is usually judged by stage, using the GOLD criteria, based on the
FEV1:
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Prognosis is not severely altered until severe disease (i.e. GOLD stage 3 &
4)
Note that survival is judged over 12 years, and this is affected by whether
or not the patient stops smoking.
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o Complications:
 Acute exacerbations are presumed to be due to infections (viral and
bacterial). They are significant as the treatment of hypoxia leads to
hypercapnia (see inset box).

Oxygen-induced hypercapnia in COPD
Acute bronchitis in COPD can lead to respiratory failure. When oxygen is administered, there is a rise in the
PaCO2, which can lead to a dangerous hypercapnia. There are 3 basic causes:
1. V/Q mismatching: the administration of O2 decreases the vasoconstriction associated with the usual
COPD-induced hypoxia.
2. Haldane effect: the administered O2 displaces the CO2 bound to hemoglobin, increasing the free CO2.
3. Decreased ventilation: this is only of minor importance and loss of hypoxic drive is mostly transient over
10-15 minutes.
The recommended treatment is to only give oxygen until the SaO2 ≈ 90%.

22
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Chronic complications:
• Bronchiolitis obliterans: chronic inflammation of the bronchioles
leads to fibrosis and loss of terminal bronchioles.
• Cor pulmonale: hypoxia causes vasoconstriction of the pulmonary
arterial system. The resulting pulmonary artery hypertension
leads to right ventricular hypertrophy and eventually right
ventricular failure.
• Carcinoma is seen in 10-20% of smokers and is dose dependent.
• Bronchiectasis can be found in chronic bronchitis with recurrent
pneumonias.
o Treatment
 Lifestyle and smoking cessation
 Bronchodilators:
• Anti-cholinergic (target: M3 receptor (Gq)): Ipratropium
• Beta agonists (target B2 receptor (Gs)): Salmeterol (long-acting)
 Inhaled steroids (anti-inflammatory)
 O2 supplementation for failure
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Asthma
Introduction
A. Asthma is a heterogeneous group of inflammatory diseases of the bronchial tree. They
are characterized by airway hyperresponsiveness that goes on to remodeling if the
disease is severe and chronic.
 Hyperresponsiveness has 2 elements:
 Hypersensitivity: response to a low signal
 Hyperreactivity: exaggerated response to a normal signal
 Remodeling refers to adaptive structural changes such as:
 Mucous cell hyperplasia
 Increased mucus production
 Hyperplasia/hypertrophy of the smooth muscle and epithelium
 Collagen deposition (i.e. fibrosis) of the basement membrane.
 Increased inflammatory cells in the submucosa
B. Remodeling leads to ↑wall thickness of the bronchiole, which can be seen on a CT scan,
with narrowing of the bronchiolar lumen
Epidemiology
C. A common disease, seen in 8% of the population of the US.
D. 75% is in children <7 years old.
Classification and legacy nomenclature
E. Type 2 asthma
 In 1977, an article described “brittle” asthma. This was a type of severe asthma
with highly variable attacks, called “chaotic” with marked variability in peak
expiratory flow and significant morbidity and mortality. No reproducible
definition of brittle could be reached but consensus eventually settled on:
 Type 1 (brittle)
• Daily periods of breathlessness over more than 5 months, defined
as a change in FEV1 > 40%
• Frequent attacks despite maximum treatment (>1500 mg/day
beclomethasone)
 Type 2
• Well controlled with sudden onset of attacks, defined as <3 hours,
leading to respiratory failure (loss of consciousness).
• These are patients who must carry EpiPens on their person
 Currently, only the term “Type 2” asthma is used. It describes any severe asthma
with intermittent attacks.
F. Atopic versus Non-atopic asthma

24
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Atopy refers to a hereditary condition of families with IgE type allergies to
organic compounds. They typically have the atopic progression of eczema (baby)
> asthma (childhood) > rhinitis/sinusitis (adulthood).
 Non-atopic asthma has negative skin testing to allergens. Irritant triggers are
common (smoke, dust, fumes) and occupational exposures are common. Nonatopic asthma can be referred to as “intrinsic”, as it is not due to an “extrinsic”
allergen.
G. Asthma defined by the type of inflammatory cell
 The three patterns: eosinophilic, neutrophilic and pauci-granulocytic
corresponds to the molecular/immune classification.
H. Immune / molecular classification:
 Allergic / TH2 pattern: allergen > TH2 induction > IL-4, 5, 9, 13 → mast cell
recruitment, eosinophil activation, IgE production
 Non-allergic / TH1 & TH17 pattern: viral damage to epithelial cells > PAMPs >
innate inflammation > TH1 (IFN, TNF) and TH17 (IL-17) → neutrophils, airway
sensitization, remodeling


Pathophysiology of asthma
For this discussion, “asthma” refers to Type 2 asthma. This means
severe asthma with intermittent attacks. This is the allergic / TH2
immune pattern of disease with IgE, mast cells and eosinophils.
A.
Sensitization (see image)
1.
Antigen presenting cell (APC) presents allergen to naïve
TH0 lymphocyte (signal 1, signal 2, IL-4)
2.
Naïve TH0 lymphocyte becomes TH2 lymphocyte producing
IL-4, 5, 6, 9, 10, 13
3.
IL-4
immunotype switching of B lymphocytes to IgE,
regulation of TH2 differentiation
4.
IL-9
local increase of basophils
5.
IL-5
eosinophil production and recruitment
6.
IL-13 mucus production, smooth muscle proliferation,
enhanced effects of IL-4 and IL-5

25
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Chronicity leads to remodeling (see image)
1
2
3
4
5

Smooth muscle hyperplasia and
hyperresponsiveness
Neovascularization and leakiness
Inflammation, especially mast cells
Fibrosis of basement membrane
Goblet cell metaplasia and ↑mucus
production

B. Acute attack:

B. Acute attack (see diagram):
1. Allergen binds to IgE and this complex to the IgE receptor on the mast
cell. Mast cells degranulate.
2. Key mast cell products include the:
i. Leukotrienes: synthesized from arachidonic acid by arachidonate
5’ lipoxygenase, this family is responsible for 75% of smooth
muscle contraction, as well as vasodilation and edema.
ii. Histamine: responsible for 25% of smooth muscle contraction as
well as vasodilation
iii. Cytokines: there are several, including tryptase, which is an
important mediator of the delayed phase. Tryptase is important in
the recruitment and activation of eosinophils
3. Eosinophils release major basic protein (MBP) and other mediators that
result in epithelial damage and edema.
4. TH2 lymphocytes and other cells release cytokines that potentiate the
inflammatory response. IL-13 enhances the effects of other cytokines,
induces mucus production and smooth muscle proliferation.
5. Vasodilation and swelling from edema further narrow the bronchiolar
lumen.
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-

Bronchiolar luminal narrowing / bronchospasm:

1 Smooth muscle hyperresponsiveness
2 Vascular dilation and leakiness with edema
3 Inflammation: mast cells, eosinophils and
lymphocytes
4 Increased mucus secretion

27

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
Presentation
There is no universal definition. Symptoms are surprisingly non-specific. Diagnosis should be
based the foundational pathology of airway hyperresponsiveness and pattern of inflammation
associated with a variable decrease in expiratory airflow.
-

Symptoms:
o The classic pattern is:
 Intermittent dyspnea, often described as, “chest tightness”
 Cough
 Wheezing.
o Supportive findings:
 Identifiable triggers (allergens, workplace exposure)
 Family history of atopy
o Less likely if:
 Age >50 years
 Cigarette smoking
 Lack of response to medications, especially glucocorticoids
- Physical examination:
o Widespread, high-pitched musical “wheezes”
o Respiratory rate: correlates with severe occlusion (loudness of wheezing does
not)
- Testing:
o Acute disease
 Spirometry: FEV1/FVC < 80%
 Reversibility: improvement of FEV1 with bronchodilator (e.g. albuterol)
 Blood gases / oximetry: useful in severe disease when there is concern of
respiratory failure
 Imaging: useful in ruling out other underlying disease.
o Chronic disease
 Sputum:
• Eosinophils
• Charcot Leyden crystals (protein products from eosinophils)
• Curschmann spirals: characteristic mucus plugs
 Bronchoprovocation
• Useful with atypical presentations or isolated symptoms like
Charcot Leyden
cough only.
crystals
• Methacholine is an acetylcholine analogue that stimulates
muscarinic receptors, inducing vasoconstriction. Airway
Curschmann
hyperresponsiveness is demonstrated if FEV1 drops to <70%.
spirals
 Exhaled nitric oxide
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•
•

Airway eosinophils upregulate nitric oxide synthase, giving
elevated nitric oxide in the breath.
Not widely available, but seen in many studies on asthma

Treatment
Treatment is a complex subject that is divided into relief during acute attacks (i.e.
bronchodilators) and control management (i.e. Anti-inflammatories). Short acting β2 agonists
are the cornerstone of symptomatic relief and inhaled corticoid steroids for control.
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Lung: Interstitial Lung Diseases (ILD)
Definition:
An umbrella term for any pathologic process that scars lung through inflammation and fibrosis
that leads to a gas diffusion defect. Over 200 different disease have been described.
Classification
-

There are 6 major classes to learn:
1. Occupational
a. Coal miners’ pneumoconiosis
b. Silicosis
c. Asbestosis
d. Berylliosis
2. Connective tissue diseases
a. Rheumatoid arthritis
b. Scleroderma
c. Sjogren disease
3. Medications
a. Chemotherapy: methotrexate, bleomycin
b. Anti-arrhythmic: amiodarone
c. Antibiotics: nitrofurantoin
4. Hypersensitivity pneumonitis
5. Sarcoidosis
6. Idiopathic pulmonary fibrosis (IPF)

Known etiology

Granulomatous

The most common ILDs in the US
1.
2.
3.
4.

IPF (especially if >50 years old)
Sarcoidosis (especially if African American in their 30’s)
Hypersensitivity pneumonitis (episodic symptoms on exposure)
CT diseases (previous diagnosis)

For their attention in lectures, the pneumoconioses are rare due to workplace safety conditions.

ILDs all have the same clinical findings. The key clinical differences at presentation are in
epidemiology.
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-

-

Symptoms: cough and progressive shortness of breath
(SOB)
P/E:
o Auscultation: crackles at end-inspiration, basal,
bilateral, do not clear with cough, “ripping Velcrolike” sound
o Clubbing of fingernails.
Diagnosis:
o PFTs
 Spirometry: ↓FVC, normal FEV1/FVC ratio
 DLCO: <80% expected
o Serology to exclude CT diseases:
 Scleroderma: Scl-70
 RA:
anti-CCP, RF
 SLE:
ANA
 DM/PM:
anto-Jo1 synthetase, CK
 Sjogren:
anti-SSA, anti-SSB
 MCTD:
anti-U1 (RNP)
o Imaging
 CXR: reticular-nodular infiltrates
 High resolution CT scan: ground glass →
honey-comb

Finger Clubbing
Seen in both lung and heart disease, it is
identified by the loss of the fingernailto-finger angle and thickening of the
distal phalanx. It is of unknown cause,
but the best explanation is hypoxiainduced release of cytokines PDGF and
VEGF from platelets and
megakaryocytes trapped in the nail bed.

Comparison of ILD and COPD

Physical
exam

PFTs

Imaging
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Finding

ILD

COPD

Inspiratory crackles
Wheezing
Clubbing

√

X

X

√

√
X

↓TLC
↓FEV1/FVC
DLCO

√
X

X

↓

X

Abnormal

Normal

√
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Idiopathic Pulmonary Fibrosis (IPF)
- A clinical-pathologic syndrome of unknown origin that has progressive interstitial
pulmonary fibrosis leading to respiratory failure.
Any patient over 50 years with a non-productive cough for > 3
months and a negative chest X-ray has IPF until proven otherwise.

-

Pathophysiology:
o This is a TGF-β disease. TGF-β is a key cytokine that induces fibrosis.

o Pathology:
 Bilateral and basilar fibrosis with honeycomb “cyst” formation
 Histology shows normal and fibrotic tissue within a single biopsy.

-
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Natural history
o Variable prognosis with a median survival of 3 years
o Treatment: anti-fibrotics (pirfenidone, nintedanib)
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Sarcoidosis
-

-

-

Definition: A systemic granulomatous disease of unknown origin
Epidemiology
o Peak age: 30’s
o Ethnicity: increased in African Americans
o Gender: may be increased in females
Presentation:
o In addition to the usual findings of ILD, there are abundant cytokines from the
granulomas, so that patients also present with:
 Fever and night sweats (IL-1)
 Fatigue, malaise and weight loss (TNF-α)
 Laboratory: ↑CRP and ESR (IL-6)
o Macrophages, the key cell of granulomas, has abundant 1α-hydroxylase. This
converts 1-(OH)Vitamin D to 1,25-(OH)2Vitamin D, resulting in the symptoms of
hypercalcemia (“moans, stones, bones and psychic groans”).
Pathology
Organ
Lungs
Lymph nodes
Liver
Eyes
↑Ca+2

-
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Incidence
90%
90%
25%
30-70%
10%

Comments
Granulomas in peribronchial lymphatics
Especially hilar and mediastinal groups
Abnormal enzymes, especially alk phos
Anterior uveitis (varies by ethnicity)
Vitamin D toxicosis (see text)

Diagnosis:
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o Imaging: hilar and mediastinal lymphadenopathy, variable reticular-nodular lung

-

fibrosis
o Biopsy: granuloma formation
Natural history:
o 70% have a benign, self-limited disease with resolution over 2-5 years
 20% get permanent damage to involved organ
 10% get progressive pulmonary fibrosis
o Treatment: steroids and anti-TNF-α

Hypersensitivity pneumonitis
-

Definition: an immunologically-mediated inflammation of airways in response to inhaled
antigens, mostly organic dusts.

This disease family is also called “Extrinsic Allergic Alveolitis”. This is a misnomer as the process is not
allergic (there is no involvement of IgE) and it is not localized in the alveolar septae but in the airways.

-
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Pathophysiology:
o Small particles get to the alveolar space where they are phagocytized and taken
in lymphatics to the terminal bronchioles. Here there is the formation of
immunoglobulins (not IgE).
o Re-exposure causes acute inflammation.
o Over months, the immunologic process changes from antigen-antibody
interaction (i.e. Type III hypersensitivity) to granulomas (I.e. Type IV
hypersensitivity).
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o With chronic disease, the chronic inflammation leads to airway remodeling and
fibrosis.
o Antigens in hypersensitivity pneumonitis found in the US:
Class of antigen
Infectious

Name or source
Antigen
Farmer’s lung
Thermophilic actinomyces
Hot tub
MAC1
Humidifier & A/C many
Proteins
Bird fancier’s lung Bird feathers and feces
2
Low MW chemicals Isocyanates
Polyurethane, paints, glues
1. Mycobacterium avium complex, 2. Molecular weight
- Clinical-Pathologic correlation:
o

The symptoms of the disease process change over time as the immunopathology evolves.

-

Diagnosis:
o Key is the recognition of antigen exposure
o Bronchoscopy
 Cytology washings show a lymphocyte/monocyte inflammation (and not
the eosinophils of allergy/asthma)
 Bronchial biopsy shows granulomas
o Imaging (CT scan)
 Multifocal ground-glass opacities
 Granulomas can be seen as nodules in a centrilobular location
 Abnormalities are distributed uniformly throughout the lung.
Natural history
o Avoidance of exposure to the antigen both prevents progression and symptoms
o Steroids can be used for acute symptoms.

-
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Pneumoconioses (Occupational lung disease)
Coal Worker’s Pneumoconiosis (CWP)
-

-

Epidemiology:
o Affects about 10% of coal workers
o 50% will show symptoms after >20 years on the face with dust exposure
Pathophysiology:
o Clinically significant disease is usually associated with an additional exposure such
as cigarette smoking or silica dust.
o Simple CWP
 Pigment-laden macrophages localize in the upper lobes and induce mild
fibrosis.
 Chest X-ray (CXR) shows nodules adjacent to the bronchioles, where they
are localized in lymphatics
 Patients are asymptomatic
o Complicated CWP
 A small proportion of the simple CWP will develop progressive, massive
pulmonary fibrosis over years.
 These have significant morbidity and mortality from cor pulmonale and
respiratory failure.

Silicosis
-

-
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Epidemiology
o This is the commonest pneumoconiosis
o Occurs with exposure to SiO2 dust, which comes from processing rock and sand.
 Mining and blasting
 Grinding and carving stone (e.g. head stones)
 Glass (which is melted sand)
 Cement processing (e.g. construction trades)
Pathophysiology:
o SiO2 is toxic to the macrophages that phagocytize the dust particles. In addition to
fibrosis, this leads to immune dysfunction:
 Increased risk of tuberculosis
 Increased risk of autoimmune disease and probably cancer
o Simple silicosis:
 Rounded discrete fibrous nodules in the upper lobes
 “Egg-shell” calcification in the hilar lymph nodes
 Patients are asymptomatic
o Complicated silicosis:
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Development over years of massive pulmonary fibrosis.

Asbestosis
-

-

-
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Epidemiology:
o Asbestos is a generic term for silicates that form fibers. Once widely used for
thermal insulation, they have now been mostly replaced by synthetic fibers.
o Exposure now is seen in:
 Immigrants
 Deconstruction of old building and ships
 Auto repair shops where asbestos is still used in brake pads.
Pathophysiology:
o Fibers are inhaled and get trapped at the level of the respiratory bronchiole.
o There are 2 major types of fibers:
 Chrysotile fibers (90%): these are long and curvy (hence they are also
called serpentine). They fragment in the body after which they are
phagocytized and cleared over 1-2 weeks after internalization.
 Amphibole fibers (10%): these are short and straight and persist in the
body for years after ingestion. They have a much higher association with
disease.
o The fibers are absorbent and after phagocytosis they bind iron and protein,
forming ferruginous bodies.
 Ferruginous bodies must be
identified in tissue to establish a
diagnosis of asbestosis.
 Iron forms reactive oxygen
species (Fenton reaction) in the
macrophages with their release
of cytokines.
 Fibrosis starts in the alveolar
septae beside the bronchiole
wall. Eventually forming honeycomb cysts throughout the lung fields.
 Progressive fibrosis leads to symptoms 10-20 years after exposure.
Clinical-pathologic correlation:
o Asbestosis: diffuse pulmonary fibrosis in basal, subpleural lung parenchyma.
o Pleural plaques:
 Thickening of the parietal pleura in the lower thorax.
 May cause pleural effusions
 Is not a precursor lesion for mesothelioma
o Non-small cell carcinoma of lung (NSCCL)
 The most common malignancy associated with asbestos
 Synergistic with smoking
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• The asbestos fibers absorb the carcinogens in the smoke.
o Mesothelioma
 Most specific malignancy associated with asbestos.
 Not smoking related
 Aggressive malignancy with a dismal prognosis.
Berylliosis
-

-
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Epidemiology:
o Found in high-tech manufacturing (e.g. electronics, ceramics, alloys) and nuclear
power industry.
Pathophysiology:
o Induces granuloma formation after phagocytosis.
Clinical-pathologic correlation
o Presents as a sarcoidosis-like syndrome, with interstitial infiltration of
inflammation and fibrosis, and hilar lymphadenopathy.
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